We examine the data reduction procedures used by Howard and colleagues to deduce global solar velocities from the original Mount Wilson Doppler-magnetograph record. We demonstrate that removing daily rotation, "ears," and zero offset signals will greatly attenuate east-west global velocities of longitudinal wavenumber m<5. In addition we show that, because global velocity patterns are expected on theoretical grounds to have variable phase speeds in longitude, the construction of synoptic maps can severely attenuate high wavenumbers. The combination of these two effects can easily reduce an original periodic east-west flow velocity of peak amplitude 100 m s~l to 10 m s -1 or less for any wavenumber. We demonstrate further that a velocity spectrum, obtained from a nonlinear spherical convection model for a case in which a differential rotation similar in amplitude and profile to the Sun, is attenuated to rms residual velocities close to or within the upper limits obtained by Howard and LaBonte. However, somewhat more power than they find is retained in variations of the daily rotation rate.
I. motivation Since 1966, Robert Howard and colleagues have been measuring global velocities on the Sun at Mount
Wilson when everyday weather and the instruments would permit. The accumulated record represents by far the most extensive source for studies of the global circulation of the Sun. A number of useful results have been obtained, most of which are reviewed, for example, in Howard (1978) . One of the most important effects to look for in these data is evidence of global convection or giant cells. Theoretical arguments, e.g., Simon and Weiss (1968) , Vickers (1971) , Gough et al. (1976) , Roxburgh and Tavakal (1979) , Busse (1970 Busse ( , 1973 Gilman (1972 Gilman ( ,1975 Gilman ( ,1978 Gilman ( ,1979 , favor the existence of such giant cells which extend to the bottom of the convection zone and which maintain the observed equational acceleration. Several attempts have been made to look for giant cells in the Mount Wilson data, so far without producing convincing positive results. In the latest such effort, LaBonte and Howard (1979) and reported they sponsored by the National Science Foundation.
were unable to find residual east-west velocities for any longitudinal wavenumber between 1 and 22 (1 and 22 cycles per rotation) larger than 5ms -1 with lifetimes of 1 yr, and 10 m s -1 with lifetimes of a few months. They also place an upper limit of ~10 m s -1 on periodic east-west flows of wavenumbers 1-4 hidden in variations of the disk rotation rate. This discouraging conclusion, if it is sustained, would seem to argue against the very existence of giant cells. However, many steps are involved in reducing the data to the form from which this conclusion is reached, and we must ask how much an initial giant-cell signal might have been reduced by these steps. To answer this question requires examining in greater detail Howard's reduction procedure, which we provide in § II, and then applying it to idealized global velocity data, which we do in § HI.
In addition to data reduction effects, certain instrumental effects may appear to look like global east-west flows, such as described in LaBonte and Howard (1979) , , and Howard, Boyden, and LaBonte (1980) . Data reduction procedures designed to remove these effects may therefore also remove a true velocity signal.
Finally, from theoretical calculations on nonlinear convection in a rotating spherical shell, such as those of Gilman (1979) , we expect individual convective modes to change their amplitude and phase speed in longitude significantly on a time scale of a month. We expect global convection on the Sun to have similar characteristics which will tend to reduce any persistent spectral peaks in velocity patterns assumed to rotate at a fixed rate. Changes in phase speed are particularly important. These effects are felt at several steps in the data reduction process, in ways we illustrate in later sections.
Our basic conclusion is that the combination of data reduction procedures and plausible properties of global convection inferred from theory generally combine to greatly reduce the global velocity signal to be found at the end of the reduction-in some cases by a factor of 10 or more. Thus, of an assumed giant-cell velocity of, say, 100 m s _1 initially, only 10 m s _1 may be left after all of the reductions have been carried out. In consequence, significant cell signals may still be present on the Sun, but may be difficult to isolate with current observational techniques and reduction procedures.
While this paper has responded to one particular set of observational analyses, we believe the effects illustrated here are important for anyone to consider when attempting to find global velocities on the Sun.
ii. Howard's reduction procedure The reduction procedures followed by Howard and colleagues that are of relevance here can be broken into two parts. In the first part, described in Howard, Boy den, and LaBonte (1980) , a velocity array for each day's observation is produced by subtracting Earth's orbital and rotational motions and a standard limb redshift from the original signal and then averaging the data into a square array of 34 X 34 zones equally spaced in sine longitude and sine latitude. Then a function of the form
is fitted to the longitudinal data string in each latitude zone. In function (1), L is longitude or central meridian distance, Z is the "zero offset," R the rotational velocity, and E a parameter measuring the "ears" found in the Mount Wilson data. (We have changed the original notation for our convenience; Z=a, R=V, E=ß in Howard et a/, eq. [8] .) From fitting formula (1) to the original data, Howard et al. find values for Z, R, and E for each latitude zone, as well as residual velocities left after the fit is subtracted from the line of sight data. R is the largest signal, being the apparent rotation of the Sun for the longitude interval seen on the disk that day. Z must be calculated because there is no absolute wavelength reference. It represents the average velocity toward or away from the observer, for each latitude zone from the east-to-west limb. The function E sin 2 L was added because persistent earlike features were commonly seen near the limb after rotation was taken out, which did not appear to rotate with the Sun. It is not known yet whether they are instrumental or solar in origin. All these parameters are functions of time, and E and R both show high correlations from zone to zone in latitude. A part of the fluctuations in R may also be instrumental in origin (Howard private communication) .
The second part of the reduction process, described in LaBonte and Howard (1979) and , is to attempt to find persistent east-west velocities in the residuals left over after the data has been fitted to formula (1). This is done by constructing "synoptic velocity maps, with the amplitude at each point given by the average of the daily (residual) velocities at that point, weighted by the sines of their central meridian distances. This reinforces longitudinal flows and cancels vertical and meridional flows." The solar pattern is assumed to rotate at a fixed rate, e.g., the Carrington rate, and each new synoptic longitude appearing at the east limb is then tracked across the disk in subsequent days at the assumed rate and its sine weighted residual velocity put into one longitude bin. This helps to reduce small-scale solar noise, such as 5 minute oscillations and supergranules. The bins are taken to be 3°4 longitude in width, equal in size to the zones closest to the central meridian in the original 34 X 34 data array. For these calculations, omit the zones closest to east and west limbs, so their data is contained in 32 zones between ±70° central meridian distance.
For some Carrington rotations analyzed in this way, see apparent east-west flow patterns which take the form of north-south stripes running from about 60° N to 60° S. These stripes have a latitude-averaged velocity amplitude of about 10 m s" 1 ; they are believed to be of instrumental, rather than solar, origin. go on to construct power spectra and autocorrelation functions from the latitude-averaged longitudinal velocity, synoptic records 3 months to 3.5 years in length, and estimate the small upper limit on giant-cell velocities quoted in § I above.
III. REDUCTIONS OF IDEALIZED SIMULATED GLOBAL
VELOCITY DATA USING HOWARD'S REDUCTION PROCEDURES a) Aliasing of Giant-Cell Velocities into the Fitting Parameters Z, R, E In general, we must expect that any large-scale velocity field, not just rotation, will be felt by the parameters Z, R, and E in formula (1). For example, since only a limited range of longitudes (< 180°) is sampled on any given day, a periodic east-west motion can appear as No. 2, 1980 SOLAR GLOBAL VELOCITY SIGNALS 795
an apparent rotation and contribute to the amplitude of R. The same is true for Z. Ears represented by E sin 2 L are also peculiar to disk, as opposed to synoptic, measurements.
We demonstrate here the amount of contribution to R and E can be quite large, and to Z, smaller but still significant. To do this we ignore latitude variations and assume that a velocity in the east-west direction is present on the Sun with the line-of-sight form V m -( Uq -I" Lf s sin mL H~ U c cos mL ) sin L.
The parameter m is the longitudinal wavenumber, which has integer values greater than zero. The last two terms in equation (2) The results are shown in Table 1 , assuming (/ 0 , U s , i/ c = +1.0 units. Examining Table 1 , we see that a true rotation Uq shows up all in the rotation parameter R, as expected, but more than 50% of m = 1 and 3 also appear there. The ear parameter E picks up all of m = 1, between 76% and 100% of m = 2 and actually amplifies m = 4, 5 for L Af =70°. Contributions to Z are generally smaller, peaking around m = 3 and 4, with none larger than 0.4. Contributions to all parameters for m> 5 are small, though significant contributions to the ears do occur at higher m. In summary, any periodic east-west flow with m<6 will contribute heavily to the Z, R, E, resulting in correspondingly smaller amplitudes of these wave numbers left in the residuals.
We can treat this problem by a variational approach, taking first variations on Z, R, and E as ÔZ, 8R\ and §E. The coefficients of each of these variations must vanish independently, which yields three inhomogeneous linear equations for Z, R, R, whose coefficients contain the specified parameters C/ 0 , U s , and U c and all of the integrals of geometric functions which are generated from expanding integral (3). Since Z and E sin 2 L are symmetric about the central meridian, they receive contributions only from U s sin mL, while R couples only to Uq and U c cos mL. Howard, Boy den, and LaBonte (1980) use 34 zones from east-to-west limbs and formally cover 180° in longitude. However, the zone closest to each limb is from 70° to 90°, and no data in these zones comes from beyond about 80°. take L m =70° and use 32 bins. We have calculated Z, b) Generating Time Series and Synoptic Maps for a Single Wave Number m Now suppose the periodic east-west flow pattern rotates with the Sun at a known frequency 12. Then the measured line-of-sight signal V m for wave numbers m would be
We generate time series for Z, R, E from equation (4), substituting into integral (3) as before on each day. Each of these parameters will vary sinusoidally with time with period 27r/ml2, with peak amplitudes given by Table 1 . Thus, if £/=100 m s -1 , for m = 4, R will vary between ± 108 m s~1 with a period of one-quarter the rotation period of the pattern. A typical example of the variation of Z, R, R is shown in Figure 1 for m = 4, £/=100 m s" 1 and fi = 27r/(27.275 days), the Carrington rate. Note that in this case, Z and E are a halfwavelength out of phase, since from Table 1, Z and E have opposite signs. The rotation parameter R leads the ear parameter E by one-quarter wavelength. This will be true for all m for which the signs of R and E in Table 1 are the same. With m for which they have opposite signs, R will lag behind is by a quarterwavelength.
By constructing a synoptic "map" in the same manner as , we obtain the amplitude of the residual as a function of synoptic longitude. The case for m = 4 is shown in Figure 2 for time periods of 1 and 40 rotations. The dashed curve is the full signal (eq. [4]) for m = 4 folded onto synoptic longitude, while the solid curve is the residual signal handled the same way, after the fitted curve from formula (1) has been taken out for each day. Note that the peaks of the full signal are substantially less than 100 m s -1 , by a fraction which is approximately the average from -L M to +L 3/ of |sinL|. Clearly this attenuation of the signal, present in Howard's reduction procedure, can be compensated for by changing the weighting. Without this compensation, it is essentially the line-of-sight east-west motion that is being folded into the synoptic map, rather than the total east-west motion. We see from Figure 2 that only about 25% of the original signal is contained in the residual. This can be improved to about 38% with nonattenuating weighting in the construction of the synoptic map, but, still, it represents a substantial drop from the original signal. The difference between one rotation and 40 rotations is simply that many more data are contained in a given synoptic longitude bin of 3.4°, so that a smoother synoptic pattern results. The amplitude is reduced very little, however, since the pattern rotates at a known, constant rate. Most of the smoothing is accomplished by four rotations, and there is very little difference in pattern peak amplitude and shape for periods of 4, 10, and 40 rotations. Figure 3 shows the peak amplitudes left in the residual signal for all m, starting in each case with an original amplitude of 100 m s -1 and allowing the pattern to move for between one and 40 rotations. We see that for m< 5, no more than 35% of the signal is left. For m= 1, only about 2% is left. Thus, for all the low wavenumbers the combination of Z, R, and E remove most of the signal and leave little in the residual. For m > 6, the attenuation is small, except for the chosen weighting in the synoptic map, and so these wave numbers could still be seen in the residual close to their original amplitudes.
c) Synoptic Maps for a Single m When Rotation
Speed and Amplitude Vary with Time There is smoothing, but essentially no attenuation, of the residual east-west velocity signal when a record of 40 rotations is used compared to one rotation, as seen in Figure 2 . This is because we have locked onto the correct longitudinal phase velocity or rotation rate for that wave number m. We could get substantial attenuation for 40 rotations compared to one if we chose the wrong rotation rate for the pattern; however, if the true rate is independent of time, we could simply experiment with different assumed rates in constructing the synoptic map until the attenuation was minimized (as Howard and LaBonte 1980 have done).
However, a more likely circumstance is that the phase velocity or rotation rate for each m varies with time. The surface rotation rate of the Sun varies with time; the other wavenumbers will probably respond to such changes in some way. In addition, growth and decay of a given wavenumber, and nonlinear interac-797 tions with other wavenumbers, should produce perturbations on their phase speeds.
We can account for this effect in our simulations by generalizing the assumed velocity found in equation (4) to a form
In equation (5), <p m is an arbitrary phase shift for the initial phase of the signal, and A m is a random cubic spline with stress points a half-rotation apart and values between fixed ± limits. The local phase velocity in time for such a pattern is then
and the time scale for a typical variation is one to two rotations, consistent with the convection model results mentioned earlier.
Using formula (5), we can now generate new time series for the total synoptic velocities, as well as the fitting parameters Z, R, and E, and the residual synoptic velocities. We have done this for 1 < ra < 10, the results for which are illustrated in Figures 4-6. We have calculated synoptic signals for 1, 4, 10, and 40 rotations, allowing ± 1, 2.5, 5, and 10% peak variations in rotation rate for each m (the smaller standard deviations for each peak percentage are shown on the figures) . For each combination, we averaged together 100 separate simulations, because with different randomnumber sequences the synoptic signal left can vary a great deal. In each case for each m, we assumed an east-west velocity with peak amplitude 100 m s -1 ; U -100 m s -1 in formula (5) and only one wavenumber is present to contribute to the synoptic signal and Z, R , E.
There are two effects contributing to further attenuation of the synoptic signal. For a given number of rotations of data included on one synoptic map, more attenuation will occur for larger-percentage variations in phase velocity, because the accumulated phase error relative to synoptic longitude, expressed by the integral inside the argument in equation (5), will be larger. Similarly, for a given-percentage variation in phase velocity, more rotations included in the same synoptic map will produce more attenuation. since for a given-percentage change in rotation rate, the phase errors are a larger fraction of the wavelength of the mode, so that more cancellation occurs when the synoptic map is constructed. For ± 10% phase velocity peaks, we see that for m>6, with an initial peak amplitude of 100 m s -1 , only about 15 m s _1 is left. Low wavenumbers fare better in the total signal, but from Figure 3 , are strongly damped in the residual when Z, R, and E are subtracted out. The resulting residual synoptic signal peaks are seen in Figure 4 {right), which shows that for ± 10% variations, low wavenumbers have 10 m s -1 or less left. The attenuation increase due to increasing the number of rotations in the synoptic map is illustrated in Figure 5 for peak phase velocity variations of ±5%. We see that by 10 rotations, the total and residual synoptic signals are attenuated by a factor of 2 at high m. On the other hand, very little attenuation is seen on synoptic maps for a single rotations.
In Figures 4 and 5 peak values are given, but Howard and LaBonte (1980) are attempting to estimate the power or variance in each longitudinal wavenumber. Such numbers would more closely relate to rms synoptic signals from our calculations. These signals are generally about one-third less than the peak values in the same wavenumber. Thus, the rms values for m > 6 at 40 rotations for ± 10% phase velocity variations are between 5 and 10 m s -1 , starting from a signal peak of ±100 m s -1 ! In the residuals, there is no more than about 7 m s _1 rms in any wavenumber. Thus a power spectrum from which an upper limit of 10 m s -1 per wave number is estimated, as in , could still contain east-west velocities peaking at 100 m s -1 (we make no claim that their data does contain such large velocities).
Despite the low amplitude of the total and residual synoptic signals, there would still be much power in the fitting parameters Z, R, E. The peak amplitudes for those can still be estimated quite accurately from Table 1, so that, for example, the ear parameter E for m = 4 and 5 would have peak amplitudes of ±108 and ± 125 ms -1 , respectively. The phase velocity variations would simply introduce similar-percentage variations in the periods seen in time series for Z, R, E.
Varying the amplitude of a given wavenumber as a function of time has little effect on any long-term synoptic map. The results are about the same as if the average value of the amplitude had been used for the whole time record. So phase velocity changes are the crucial attenuator of the synoptic signal. -Peak synoptic signals for a spectrum of velocity amplitudes (filled circles) taken from a nonlinear convection model solution for which the calculated differential rotation is similar in amphtude and profile to that of the Sun. Phase velocities of each m are allowed to vary randomly in time with the same amphtude ranges as in Fig. 4 . Root mean square values of Z, R, and E generated by the parameter fitting to the total signal are shown at right on the residual amphtude plots. Yol. 241 d) Synoptic Signals from a Convection Spectrum Generated by a Global Convection Model
The calculations described in previous sections serve mainly to illustrate the relative amounts various longitudinal wavenumbers would be attenuated by aliasing onto the various fitting parameters Z, R, E, and by folding onto a synoptic map. Each wavenumber was treated separately. In reality, we should expect all wavenumbers to be present in the motion field at once, but in varying amounts. We can take some guidance about what this spectrum might be from theoretical model calculations for nonlinear convection in a rotating spherical shell, for example the one described in Gilman (1979) . In particular, we have extracted from those calculations average estimates of the east-west velocities near the outer boundary equator as a function of the wavenumber. We chose a case for which the differential rotation driven by the convection closely resembles the observed equatorial acceleration of the Sun. To be sure, the model physics is much simpler than expected on the Sun.
These calculations predict that east-west velocities are a maximum for m = 3, with peak amplitudes ~ ±48 m s -1 , falling off to 30 m s _1 for m= 1, and ~±6 m s -1 by m=10. Typical phase velocity peak variations are about ± 5%. We have used this spectrum to calculate total and residual synoptic signals for the same conditions as in Figures 4 and 5 , namely 100 cases of 40 rotations each, allowing phase velocity variations between 1% and 10% (Fig. 6 ) and 100 random cases for 1, 4, 10, 40 rotations at peak phase velocity variations of ±5% (Fig. 7) . In Figures 6 and 7 , the peak input signal taken from the model is also plotted. We see in Figure 6 that the peaks in the total synoptic signal for the 10% case are reduced to between 10 and 15 m s -1 for \<m < 3, while for m > 3, the peak signal is less than 10 m s"
1 . The residual signal is 5 m s _1 or less for all wavenumbers for ± 10% phase velocity variation, and is less than 15 m s _1 no matter how small the phase velocity variations are. Attenuation due to increasing the number of rotations at the ±5% level seen in Figure 7 shows the total peak synoptic signal falls by a factor of 2 or more for m<3 between one and 40 rotations, to levels of 15 m s -1 and less, while the residuals fall everywhere to substantially less than 10 m s -1 .
Typical examples of synoptic maps for one and 40 rotations are shown in Figure 8 . The solid curve is the residual signal, the dashed curve the total one. We see that the residual map generally picks up the same longitudes of positive and negative values, but the peaks are reduced by factors ranging from about 1.5 to 3. At 40 rotations, peak values for the net residual velocity from all m (1-10) do not exceed ±20 m s -1 . Figure 9 illustrates a typical time segment of rotation R and ears E for part of the same random-number sequence of data from which the synoptic maps in Figure 8 were constructed. There is some degree of repetition seen in the second rotation compared to the first, because the amplitudes of all the wavenumbers were held fixed. If the amplitudes were allowed to vary by their own magnitude in a few rotations (which is typical behavior in the global nonlinear convection model), much less persistence would be seen, but the same wavenumbers would dominate in determining E and R, as dictated by Table 1 .
The rms, as opposed to the peak, values are more easily compared to power spectra. Root-mean-square values in the residual signal for ± 5% variations and 40 rotations are all less than 6 ms" 1 , and even for no phase velocity variation are generally less than 10 m s"
1 . Thus it is very easy to get within the limits of ~10 m s" 1 per cycle given by . Despite the low residual synoptic power values, there is still substantial power in the three fitting parameters Z, R, and E. We find the rms values of these parameters are a z ae 17 m s" 1 , a Â ae31 m s" 1 , a^aeôl m s" 1 . Thus most of the variation is in the ears. This value is very close to that estimated for the observed ears by Howard (private communication) . In the rotation parameter, most of the power is in m= 1, 3, and 4 (as predicted by Table 1 ), and we estimate o R {m= 1)^14 m s" 1 , o R {m = 3)^20 m s" 1 , and a Â (ra = 4)ael8 m s" 1 . The average power per wavenumber for 1 < m < 4 is about 15 m s" 1 , about 50% larger than the upper limits estimated by . Perhaps the time solar spectrum is skewed toward slightly higher wavenumbers. The one we chose was for a convection zone depth of 40%-shallower layers favor higher wavenumbers. Also, recent Glatzmaier and Gilman DAYS Fig. 9 .-Time trace of rotation parameter R {left) and ear parameter E {right) for a two-rotation segment of record used in synoptic plot in Fig. 8 . Original velocity spectrum same as in Figs. 6 and 7. (1981) results of ours concerning compressible convection in a rotating spherical shell favor somewhat higher wavenumbers for the same depth as taken in the incompressible model results of Gilman (1979) and earlier works.
IV. DISCUSSION
Beyond the attenuating effects demonstrated above, there are still other effects probably present in the solar data which we have not examined here. In particular, it is likely that the average phase velocity of different wavenumbers is different. If so, it is not possible to choose a single synoptic rotation rate without attenuating some wavenumbers compared to others whose rotation rate happens to be close to the assumed rate. Linear theory for global convection of a compressible fluid in a rotating spherical shell (Glatzmaier and Gilman 1981) indicates there may be a dispersion of phase speeds of as large as 20% of the average rotation rate. How much of this dispersion remains in a nonlinear compressible system is still to be determined.
There is a close correspondence between our rms synoptic amplitude per wavenumber and a power spectrum analysis such as done by . We have calculated power spectra for synoptic time series to verify that sharp peaks show up at frequencies corresponding to each wavenumber we know has some amplitude. However, for a time series of given length, the amplitude of these peaks definitely decreases with increasing phase speed variation. In addition, for a given amplitude of phase speed variation, the power in a frequency band of fixed width near the peak also decreases with increasing record length. On the average, the amounts of the decrease are about the same in terms of velocity amplitude as we have found by calculating the synoptic signal directly.
The basic conclusion of this paper is that there could be a substantially larger global velocity signal present in the Mount Wilson data than has been demonstrated so far, because the combination of techniques applied act to severely attenuate it. The question is how better to find it. One of the most difficult things to find in the Mount Wilson data are common occurrences of persistent residual velocity patterns that rotate across the disk at about the right rate and even recur. We suspect chances of seeing such patterns would be improved if the residuals studied were obtained by subtracting out, say, 27 day running mean E, R, and even Z, so that the aliasing into these parameters by what happens to be on the disk on a given day is minimized. Another filter could be applied at the high-frequency end. Ears apparently have a nonzero average value, and this average may have quite a different physical origin than the day-to-day variations; the two time scales should be treated differently. On the other hand, if the daily variations of Z, R, and E are in some sense more stable signals than the (admittedly noisier) residuals which remain, then perhaps use can be made of the phase relations between time variations of Z, R, E implied by Table 1 , which are different for different m.
In addition, have averaged their residual data from latitudes 60° N to 60° S. The nonlinear convection calculations of Gilman (1979) indicate that east-west motions for m>\ at a fixed longitude change sign poleward of about 30° latitude. This latitude is where the axes of the global convective rolls, aligned with the rotation axis, are predicted to cut through the outer boundary of the convection zone. Therefore the east-west motions would partially cancel out in Howard and LaBonte's treatments. Results might be improved by averaging only from 30° N to 30° S, and separately from 30°-60°. One could even subtract the high-latitude signal from the equational one to enhance the east-west flow. With this technique, the amplitude band extending from 60° N to 60° S, ascribed by to instrumental effect, would tend to cancel out. A caution here is that the sign change in periodic east-west flow at 30° may be primarily a property of the incompressible spherical shell convection model. This property remains to be determined for the nonlinear compressible case, which is obviously more like the real Sun.
More generally, we need a technique more sensitive than either synoptic maps or power spectra for isolating velocity patterns of different wavenumber whose amplitude and phase speed is continually changing. Perhaps the so called "maximum entropy" techniques would help (see e.g., Lacoss 1971) , but this approach is controversial in general and untried in this case.
Beyond this, the observations need to be taken in such a way as to reduce the noise level without having to resort to folding together many days' data into a synoptic map. The most promising method appears to be speeding up the duty cycle of the observing system so that full disk coverage can be obtained in a minute or two; then many such observations can be averaged together for a single day. This speed is achievable with the new Fourier tachometer now being tested at Sacramento Peak Observatory, but it is probably impossible to obtain with a standard scanning Dopplermagnetograph.
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